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ABSTRACT

Tall fescue, Festuca arundinacea. a predominant forage

and turfgrass in the United States, is commonly infected

with the fungal endophyte, Acremonium coenophialum.

The

presence of the endophyte in forage is correlated with the
occurrence of fescue toxicosis in livestock.

However,

endophyte-free (E-) tall fescue is difficult to establish
and is more susceptible to biotic and abiotic stresses than
endophyte-infected (E+) tall fescue.

Endophyte-infested

Kentucky 31 seed lots are more resistant to seedling disease
caused by Rhizoctonia zeae.

Greenhouse studies were

conducted to determine if E+ tall fescue seed lots are more

resistant to three additional soilborne pathogens than Etall fescue seed lots.

Endophyte-infected seed are more

resistant to seedling diseases caused by Pvthium
aphanidermatum and R. solani under certain environmental

conditions.

No endophyte-mediated resistance occurred to

Maanaporthe poae.

A laboratory assay was developed to study

resistance mechanisms to R. zeae.

Laboratory experiments

were also conducted to determine resistance mechanisms.

Exudates from E+ seedlings had no influence on the growth of
R. zeae.

Endophyte-infected seedlings also did not produce

zones of inhibition to R. zeae in vitro.

Endophyte

infection of seedlings had no influence on emergence rate of
seedlings.

Seed lots of Kentucky 31 tall fescue are more
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resistant to some soilborne pathogens, but at the present
time resistance mechanisms are unknown.
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I.

INTRODUCTION

Tall fescue (Festuca arundinacea Schreb.) is a
predominant cool season grass grown in the United States;

Tennessee produces 1.4 million ha of tall fescue (Long and
Hilty 1985).

Over 80 percent of tall fescue grown in

Tennessee is infected with the fungal endophyte, Acremonium

coenoohialum Morgan-Jones and Gams (Long and Hilty 1985).
Livestock grazing tall fescue infected with A. coenoohialum

exhibit symptoms of fescue toxicosis (Stuedeman and Hoveland
1988).

The livestock industry in Tennessee loses over $85

million dollars annually to fescue toxicosis (Fribourg et
al. 1991).

Attempts to establish pastures with endophyte-

free (E-) tall fescue plants have often been unsuccessful.

Endophyte infected plants (E+) are more tolerant to abiotic
and biotic stresses than E- plants.

This increased

tolerance has been termed endophyte-mediated (Hardy et al.
1986) or endophyte-enhanced resistance (Ahmad et al. 1986).
Throughout this research tolerance occurring due to the

presence of the endophyte will be referred to as resistance.
Endophyte-infected plants are more resistant to drought, to
some foliar insects (Siegel et al. 1987), and to several
species of soilborne nematodes (Kimmons et al. 1990, West et

al. 1988).

Crown rust (Puccinia coronata Corda) occurs more

severely on E- plants than on E+ plants (Ford and

Kirkpatrick 1989).

However, endophyte status of tall fescue
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cultivars had no influence on disease severity or incidence
of stem rust (P. araminis Pers.:Pers.)(Welty et al. 1991).

Resistance of E+ plants to soilborne pathogens is an
important area of research which has not been extensively
studied.

Many soilborne fungi which infect tall fescue

cause significant economic losses in turfgrass and may cause
poor stands in forage pastures.

Endophyte-infested tall

fescue seed lots of the cultivar Kentucky 31 are more

resistant to seedling disease caused by Rhizoctonia zeae
Voorhees than E- seed lots (Gwinn and Gavin 1991).

The

mechanisms of this resistance are unknown.

The objectives of this research were to 1) determine if
E+ Kentucky 31 seed lots are more resistant to some
soilborne pathogens (R. solani Kiihn, Maanaoorthe poae
Landschoot and Jackson, and Pvthium aphanidermatum (Edson)
Fitz.) than E- seed lots; 2) to develop a laboratory assay
in which to examine resistance to R. zeae and 3) to evaluate
resistance mechanisms.

II.

LITERATURE REVIEW

TALL FESCUE

Tall fescue is a common cool season grass grown in

temperate regions of the world.

After being introduced into

the United States from northern Europe (Cowan 1956), tall
fescue quickly became an important agricultural crop
(Buckner and Bush 1979).
Kentucky-31 (KY 31) tall fescue, the predominant tall

fescue cultivar grown, was discovered on a farm in Menifee

County, KY in 1931 (Buckner and Bush 1979).

Seed were

obtained and evaluated from 1931-1943 by researchers at the
University of Kentucky and eventually plants were released
as a tall fescue cultivar (Fergus and Buckner 1972).

KY 31

was rapidly accepted by farmers because of its year-round
grazing value and erosion control qualities; therefore KY 31
was promoted by the Soil Conservation Service of the USDA
(Tabor 1952).

In the 1940's, 16,000 ha of tall fescue were produced

in the United States (Buckner and Bush 1979).

Today, tall

fescue is produced on approximately 12 - 14 million ha in

the transition zone between the warm and cool season regions
(Siegel et al. 1984).

Tennessee produces 1.4 million ha of

tall fescue as forage (Long and Hilty 1985).

The

predominant tall fescue cultivar grown is KY 31 (Siegel et
al. 1984).
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Although tall fescue has a long history of use as a

forage grass, its use as turfgrass is relatively recent.
The U.S. Golf Association and the USDA recognized the

potential of tall fescue and began examining its qualities
in 1942, even though at that time fine-leaved fescue was

considered more desirable. In 1948, two groups of
researchers recommended the use of tall fescue for turf,
(Musser and DeFrance 1948, Moorish and Harrison 1948).

Tall

fescue began to receive high turf ratings due to its

resistance to wear on athletic fields, its ability to adapt
to a wide variety of soils, its ability to survive extreme
neglect and its tolerance to a wide range of temperatures
(Buckner and Bush 1979).

Tall fescue also ranks high in

seedling vigor, which is also an important aspect of
turfgrass quality (Buckner and Bush 1979).
The first state to recommend tall fescue for turf use

was Tennessee (Hanson and Juska 1969).

It became a popular

lawn grass in the state, because of its capability to resist
sun, diseases, insects and drought (Underwood 1964).

KY 31

constitutes 97% of the tall fescue used as turf in the

United States (J.J. Murray 1977 as cited in Buckner and Bush
1979).

FESCUE TOXICOSIS

As the popularity of tall fescue increased, reports of
poor animal performance and illness of animals grazing tall
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fescue also increased (Stuedeman and Hoveland 1988).

Disorders associated with tall fescue grazing include fescue
foot, summer syndrome, fat necrosis and agalactia (Stuedeman
and Hoveland 1988).

All of these reduce weight gain and

productivity of livestock.

Collectively, these symptoms are

referred to as fescue toxicosis.

Annually, the livestock

industry in the United States looses over $600 million
dollars to fescue toxicosis (Fribourg et al. 1991).

Eighty-

five million dollars are lost in Tennessee due to poor
animal performance (Fribourg et al. 1991).

FESCUE ENDOPHYTE

In 1977, Bacon et al. found that symptoms of fescue

toxicosis occurred only in animals grazing tall fescue

infected with the endophytic fungus, Eoichloe tvohina
(Fries) Tulasne.

Morgan-Jones and Gams (1982) reclassified

the fungus as Acremonium coenophialum.

Endophytes of grasses are members of the tribe
Balansiae of the family Clavicipitaceae (Siegel et al.

1987).

The incidence of A. coenophialum in tall fescue in

the United States is 75 - 90% (Shelby and Dalrymple 1987).
Acremonium coenophialum is a true endophyte; it

completes its entire life cycle within the plant without
external symptoms.

Acremonium coenophialum is seedborne,

and the mycelium is closely associated with the aleurone
layer of the seed (Siegel et al. 1985).

As the seed
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germinates the fungus enters the endosperm.

The fungus can

be detected in the seedlings after 3-5 weeks (Siegel et
al. 1985).

The highest concentration of mycelium occurs in

tall fescue leaf sheath (Siegel et al. 1984).

Small amounts

have been detected in crowns, leaves, and stems.

Mycelium

has never been detected in roots.

While the plant is dormant the fungus is confined to
the apical meristem of the plant, but during plant growth
the

fungus grows intercellularly, and never penetrates the

host cells.

The mycelium grows in the culm pith of the

flowering tiller to the flower panicles (Siegel et al.
1985).

The flower primordia may be infected before the

inflorescence develops (Siegel et al. 1985).

TOXINS IN TALL FESCUE

Animals grazing on tall fescue not infected with the
endophyte (E-) do not express the symptoms of animals that

graze endophyte-infected (E+) tall fescue (Hoveland et al.
1980, 1983).

Alkaloids which have been detected in E+

plants, but not in E- plants, may be the cause of fescue

toxicosis (Siegel et al. 1987).

Alkaloids are found in

different concentrations in all sections of the plants,
including the leaf blade (Bacon et al. 1986).

This suggests

translocation of alkaloids since A. coenophialum mycelium

has been detected only in the leaf sheath, flowering stem
and seeds of tall fescue (Bacon et al. 1986).
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Lyons et al. (1986) detected ergot alkaloids in all
endophyte-infected plants, but did not detect them in
endophyte-free plants.

The ergopeptine alkaloid,

ergovaline, is the major ergot alkaloid detected (Lyons et
al. 1986, Belesky et al. 1988).

Ergot alkaloids are

believed to be produced by the fungus, as they can be
isolated from A. coenophialum cultures (Bacon 1988).

These

alkaloids have not been detected in tall fescue roots.

Loline alkaloids have also detected in high
concentrations in foliage, leaves and seeds of E+ tall
fescue (Patterson et al. 1991).

Small amounts of these have

been found in roots (Patterson et al. 1991).

Neither the

fungus nor the plant appear to be the sole producer of these

alkaloids, however, production did appear to be correlated
with endophyte-infected plants (Yates et al. 1990).

ACREMONIUM/FESCUE INTERACTIONS

A mutualistic relationship occurs between A.
coenophialum and tall fescue.

Although plants are referred

to as "infected" with the endophyte, a symbiotic
relationship exists between the two organisms.
Tall fescue seed provides the only known means of

dissemination for the endophyte.

The fungus also relies

upon the plant for energy and protection (Hill et al. 1990).
Some characteristics of the plant, including increased
growth

and tolerance to adverse environmental conditions.
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are attributable to the presence of the fungus (Arachavaleta
et al. 1989, Clay 1987, Siegel et al. 1987).

In

a field

study, number of tillers and yield per tiller of E+ plants
were also higher than E- plants (Hill et al. 1990), however
tillering was not influenced by endophyte status when water
was not a limiting factor (Arachavaleta et al. 1989).
Endophyte-infected plants are more tolerant to drought
than E- plants (Arachevaleta et al. 1989, Beleskey et al.
1989, West et al. 1988).

West et al. (1988) found that

pastures that were 75 percent endophyte infested, had

significantly higher yields and a significantly lower
percentage of dead tissue than endophyte-free pastures under

drought conditions.

After being exposed to drought

conditions, E+ plants resumed growth faster than E- plants
(Arachevaleta et al. 1989). Synthesis of pyrollizidine and

ergopeptine alkaloids was also higher under drought

conditions in E+ plants (Belesky et al. 1989).
Endophyte-infected tall fescue plants are more
resistant to insects than E- plants.

Foliage-feeding

insects, such as Argentine stem weevil fListronotus

bonariensis Kushcel)(Prestidge et al. 1982), fall armyworm
(Spodoptera fruoioerda J.E. Smith)(Hardy et al. 1986), oat

bird cherry aphid (Rhopalisiphum muidis L.)(Ford and
Kirkpatrick 1989), green bug rschizaphis araminum
Rondani)(Johnson et al. 1985), corn flea beetle (Chaetocnema

pulicaria Melsheimer)(Kirfman et al. 1986) and many species
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of leafhoppers (Kirfman et al. 1986), were deterred by E+
tall fescue plants.

Alkaloids have been suggested to be

insect deterrents (Johnson et al. 1985).

Little research has been conducted on soil-dwelling
insects, due to difficulty in rearing large populations.
For Japanese beetle fPopillia iaponica Newman) larvae, a

soil-dwelling insect, survival rate was significantly higher
on E- plants than on E+ plants (Oliver et al. 1990).
Patterson et al. (1991) determined loline alkaloids, which

were found in small concentrations in roots, were deterrents
to the feeding of Japanese beetle larvae.

Endophyte-infected plants are also resistant to many
soilborne nematodes. Population densities of Pratvlenchus
scribneri Steiner and Tvlenchorhvnchus acutus Allen were

higher in E- tall fescue plots than in E+ tall fescue plots
(West et al. 1988).

Kimmons et al. (1990) recovered 63% of

an inoculated population of P. scribneri (a yield-reducing
pathogen of tall fescue) from E- tall fescue plants, however
the nematode population continued to significantly decline

on E+ tall fescue roots.

Meloidoavne marvlandi Jepson and

Golden, a root knot nematode species, reproduced on E- tall

fescue, but not on E+ tall fescue (Kimmons et al. 1990).
Endophyte-mediated resistance to fungal plant pathogens
has not been studied extensively. Acremonium coenophialum

produced zones of inhibition to some fungi in vitro (White
and Cole 1985, Siegel et al. 1987), but these may be due to
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nutrient competition (Gwinn and Bernard 1988).

Crown rust

(Puccinia coronata) occurred more severely on E- plants than
E+ plants (Ford and Kirkpatrick 1989), however endophyte
status of tall fescue cultivars did not influence

susceptibility to stem rust (P. araminis^(Welty et al.
1991).

Soilborne diseases are another important area of

research, because often poor stands can be attributed to

soilborne plant pathogens.

A negative correlation existed

between endophyte infestation level of KY 31 seed lots and

percent loss of seedlings to Rhizoctonia zeae damping-off
disease (Gwinn and Gavin 1992).
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III.

EFFECTS OF ENDOPHYTE INFESTATION LEVEL OF KENTUCKY 31
SEED LOTS ON LOSSES DUE TO SOILBORNE PATHOGENS

ABSTRACT

Soilborne diseases, caused by the pathogens Rhizoctonia
solani. Maanaporthe poae and Pvthium aphanidermatum result

in significant economic losses in turfgrass.

Germinating

tall fescue seeds infected with the fungal endophyte,

Acremonium coenophialum. are more resistant to seedling
damping-off caused by R. zeae.

The objective of this

research was to determine if endophyte infestation of
Kentucky 31 seed lots influences resistance to R. solani. M.

poae and P. aphanidermatum.

In greenhouse experiments, a

seed lot with a high endophyte infestation level was more

resistant than a 0% endophyte-infested seed lot to R. solani

damping-off disease when experiments were conducted under
specific environmental conditions.
resistance occurred to M. poae.

No endophyte-mediated

The endophyte-infested seed

lot had a significantly higher number of seedlings survive
when planted in P. aphanidermatum-amended medium than the 0%

endophyte-infested seed lot.

Kentucky 31 seed lots with

high endophyte infestation levels are more resistant to some
soilborne pathogens.
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INTRODUCTION

Tall fescue is one of the most important forage and

turfgrasses in the southern United States and it is produced
on 1.4 million ha in Tennessee (Long and Hilty 1985).
Kentucky 31 (KY 31) is the most common cultivar.

The wide

use of tall fescue is attributed to its tolerance of adverse

environmental conditions.

Its persistence may be due to the

presence of the endophytic fungus, Acremonium coenoohialum

Morgan-Jones and Gams.

Plants infected with this endophyte

are more resistant to insects, drought and pathogens.

Over

80 percent of tall fescue in Tennessee is endophyte infected
(Long and Hilty 1985).

Livestock grazing tall fescue

infected with A. coenoohialum often have reduced weight

gain, lowered reproductive rates, fat necrosis and agalactia
(Bacon et al. 1977, Stuedeman and Hoveland 1988).

These

symptoms are collectively known as fescue toxicosis.

In

Tennessee, the livestock industry annually looses $85

million dollars to fescue toxicosis (Fribourg et al. 1991).
In order to prevent fescue toxicosis from occurring, many

endophyte-free tall fescue cultivars are being developed.
However, endophyte-free (E-) tall fescue seed are not as

hardy as endophyte-infected (E+) tall fescue seed.
Endophyte-infected plants are more resistant to biotic

and abiotic stress than E- plants.

Stands from E- seed are

difficult to establish and maintain.

Endophyte-free tall

fescue was more susceptible to drought stress (West et al.
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1988, Read and Camp 1986) and had lower resistance to heavy

grazing (Stuedeman and Hoveland 1988).

Alkaloids are

believed to be partially responsible for fescue toxicosis
(Bacon et al. 1986) and herbivore resistance (Clay and

Cheplick 1989, Johnson et al. 1985).

Many foliage feeding

insects cannot establish populations on E+ plants (Clay
1989, Gwinn et al. 1992).

Some plant-pathogen interactions

are affected by endophyte presence.

Crown rust (Puccinia

coronata) occurred more severely on E- tall fescue than E+

tall fescue (Ford and Kirkpatrick 1989), whereas endophyte

status did not influence the incidence or severity of stem
rust (P. araminis^ (Welty et al. 1991).
Although extensive research has been conducted on
endophyte-mediated resistance to foliar pathogens and

insects, the area of soilborne organisms has been studied

little.

Soilborne diseases are often difficult to quantify.

Insects, nematodes and pathogens found in the soil may

damage root systems and result in yield reduction and
general unthriftiness.

Unless above ground symptoms are

detected or soil samples are taken, soilborne pathogens may
be unrecognized.

It is important for plants to be naturally

resistant to soilborne pests.

Endophyte-infected plants are more resistant to
soilborne nematodes.

Meloidoavne marvlandi and M. araminis

Sledge and Golden both produced significantly higher
populations on E- plants than on E+ plants (Kimmons et al.
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1990, Ford and Kirkpatrick 1989).

Numbers of Pratvlenchus

scribneri were also significantly reduced on E+ plants
(Kimmons et al. 1990).

Numbers of Japanese beetle fPooillia

iaponica^ larvae which are soil-dwelling insects were also

significantly decreased on E+ plants (Oliver et al. 1990).
Endophyte infection had no affect on Rhizoctonia zeae

disease on mature tall fescue plants (Gwinn and Bernard
1988).

However, a negative correlation existed between

endophyte-infestation level of KY 31 seed lots and seedlings
losses due to R. zeae (Gwinn and Gavin 1992).

Tall fescue is susceptible to many soilborne fungal
pathogens. The three soilborne fungal pathogens tested in
this research were R. solani, Pvthium aohanidermatum and
Maanaporthe poae.

Rhizoctonia solani is a causal agent of seedling
damping-off (Adams 1988), crown rot and root, stem and
foliar blights (Baker 1970).

Rhizoctonia blight is a

restricting factor of the growth of Festuca arundinacea and
other turfgrasses in the southern United States (Martin and

Lucas 1984).

Brown patch caused by R. solani occurs in cool

season grasses such as tall fescue during warm (>25*C) and
humid weather (Burpee and Martin 1992).

Pre-emergence

seedling disease (damping-off) is also a prevalent problem
(Parameter 1970).

Pvthium species are also significant turf pathogens.

They are identified with turfgrasses world wide and are the
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causal agents of seed rots, pre-emergence and post emergence

damping off, root and crown rots and foliar blights (Smiley
1983).

Pythium blight symptoms have been observed on nearly

all cool-season turfgrasses, including Agrostis, Festuca,
Lolium and Poa (Nelson and Craft 1991).

Pvthium

aphanidermatum is considered the primary incitant of Pythium
blight of turf throughout the United States in either warm

(27-35*C) or cool (7-15'C) season conditions (Hendrix et al.
1970, Hall et al. 1980, Smiley 1983, Nelson and Craft 1991).

Although P. aphanidermatum has been a predominant pathogen
in the southeast United States for many years, it has only
recently become prevalent in the northeast (Nelson and Craft
1991) when wet, cool conditions have led to its increase in
the past 5 years (Nelson and Craft 1991).

Another destructive turfgrass disease is caused by the

ectotrophic root fungus, M. poae (Landschoot and Jackson
1990).

Maanaporthe poae is a severe pathogen of Kentucky

bluegrass (Poae pratensis L.)(Kackley et al. 1990) and
infects other turfgrasses including tall fescue (Landschoot

and Jackson 1990).

In mature plants it causes the disease

commonly known as summer patch, which until recently was

considered to be part of a disease complex known as Fusarium
blight.

In 1984, Smiley proposed the name summer patch for

the disease caused by Phialophora araminicola.

However, M.

poae was later designated as the causal agent (Landschoot
and Jackson 1989).
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The objective of this research was to determine if
endophyte infestation level of KY 31 seed lots influences

seedling losses to the soilborne pathogens, R. solani, M.
poae. and P. aohanidermatum.

Preliminary findings of this

research have been reported (Blank et al. 1991, Gwinn et al.
1992).

MATERIALS AND METHODS

Seed.

Tall fescue seed (cultivars KY 31 and Forager)

were obtained from commercial sources and were stored at

4'C.

Viable endophyte levels were determined using protein

A sandwich enzyme-linked immunosorbent assay (PAS-ELISA)

(Reddick and Collins 1988) and an in vitro assay (Gwinn et
al. 1991).

A low endophyte KY 31 seed lot (0%) was

previously generated by storing a seed lot with a high
endophyte infestation level at room temperature (RT) for one
year (Gwinn and Gavin 1992).
Cultures.

Isolates of R. solani (RSNCl, RSNC3) were

obtained from L.T. Lucas (North Carolina State University).

Maanaporthe Poae (ATCC 64131) and R. solani isolates were

maintained on potato-dextrose agar with periodic transfers.
An isolate of P. aohanidermatum (NCSl) was obtained from
Keith Jones (North Carolina State University) and was

maintained on corn meal agar with periodic transfers.
Inoculum for greenhouse studies was produced on

autoclaved Forager seed in 250 ml Erlenmeyer flasks (Martin
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and Lucas 1984).

Forager seed and deionized, distilled

water (10g/20ml) were autoclaved at 121°C for 20 minutes.

Three 5 mm-diam agar discs from 3 day old cultures of R.

solani and P. aphanidermatum were added to separate flasks.
Maqnaporthe poae cultures were 14 days old.
were incubated in the dark at RT.

All cultures

Rhizoctonia solani

cultures were incubated for 14 days, P. aphanidermatum
cultures for 5 days, and M. poae cultures for 28 days.

The

control treatment was autoclaved Forager seed and water.
Greenhouse experiments were conducted in a manner

similar to Gwinn and Gavin (1992).

Flask contents were

thoroughly mixed with soilless medium (Fafard, Conrad

Fafard, Inc., Springfield MD)(approximately 600g dry weight)
in greenhouse flats.

Seed (lOg/flat) were distributed on

top of the soilless medium and covered with approximately 1
cm of soilless medium. In experiments with P.
aphanidermatum. 20g of 0% endophyte-infested seed were
planted, since germination of this seed lot had decreased to

approximately 50% of that used in M. poae experiments.

Seed

were incubated in the greenhouse for 10 days, after which
three 5 cm-diam cores were randomly sampled from each flat.
The number of seedlings per core was counted.
Experimental Design.

Experiments were done in a

randomized complete block design with 5 blocks.

Each

experiment included two seed lots (E- and E+) and two
treatments (control and pathogen). Each experiment, unless
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otherwise noted, was repeated 3 times, thus n=15 in each
study.

A preliminary experiment was conducted with P.

aphanidermatum to determine what inoculum density should be
used.

Dilutions (1/200, 1/100, 1/20, 1/1) of initial

cultures were made.

This experiment was done in a

randomized complete block design with 3 blocks and was
repeated once.
Studies with R. solani were conducted under different

environmental conditions.

Temperatures reported are mean

ambient air temperatures recorded at the University of
Tennessee Plant Science Farm, Knoxville.

Greenhouse

temperatures were not recorded for all experiments, but
resemble outside temperatures.

Study I was conducted with

R. solani isolate RSNC3 from September 14, 1990 to November
9, 1990 and the mean temperature ranged from 53.3 ± 1.42°F

to 78.8 ± 1.5'F.

Study II was also conducted with isolate

RSNC3 from May 13, 1991 to June 14, 1991 and the mean
temperature ranged from 58.2 ± 3.4*F to 83.7 ± 0.67*F.

Study III was conducted with isolate RSNCl from August 2,
1991 to September 20, 1991 and the mean temperature ranged
from 63.2 ± 0.65'F to 86.6 ± 0.88'F.

Statistical Analysis.

General Linear Models procedure

was used to analyze data (SAS Institute, Gary, NC).

The

preliminary P. aphanidermatum experiment was analyzed with
Duncan's Multiple Range Test (SAS Institute, Gary, NG).
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RESULTS

Rhizoctonia solani.

RSNC3 (Fig. III-l, Table III-l);

In Studies I and II, the control treatment had a

significantly greater mean number of seedlings than the R.
solani-amended treatments.

The high endophyte (50%

infestation level) seed lot had a significantly greater mean
number of seedlings than the 0% endophyte-infested seed lot.

In Study I, the interaction between treatment and endophyte
infestation level was significantly different.

However, in

Study II the interaction was not significantly different.

RSNCl (Fig. III-2, Table III-2):

Results obtained from

Study III are similar to the results from Study I.

The

control treatment had a significantly greater mean number of
seedlings than the R. solani-amended soilless medium.

The

high endophyte (50% infestation level) seed lot also had a

significantly higher survival rate than the 0% endophyteinfested seed lot.

The interaction was not significantly

different.

Maanaporthe poae.

3):

ATCC 64131 (Fig. III-3, Table III-

The control treatment had a significantly greater mean

number of seedling than the M. poae-amended treatment.

The

high endophyte (65% infestation level) seed lot also had a
significantly greater mean number of seedling than the 0%
endophyte-infested seed lot.
significant interaction.

However, there was not a
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FIGURE III-l. Effect of endophyte infestation
level (0%, high) of Kentucky 31 seed lots on
seedling losses due to R. solani (RSNC3). Study I

was conducted when the outside temperature range

mean was 53.2 ± 1.42*F to 78.8 ± 1.50*F. Study II
was conducted when the outside temperature range
mean was 58.4 ± 3.4'F to 83.7 ± 0.76*F.
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TABLE III-l. Contrasts for mean number of seedlings for
treatment (control, R. solani [RSNC3]-amended), endophyte
infestation level (0%, high) and interaction. Study I was
conducted when the outside temperature range mean was 53.2 ±
1.42*F to 78.8 ± l.SO'F. Study II was conducted when the
outside temperature range mean was 58.4 ± 3.40*F to 83.7 ±
0.76*F.

Contrast

P

>

F
II

Control vs. R. solani

0.0058

0.0052

0 vs. High

0.0009

0.0001

Interaction

0.0020

0.4363

P<0.05
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FIGURE III-2. Effect of endophyte infestation
level (0%, high) of Kentucky 31 seed lots on
seedling losses due to R. solani (RSNCl). Study
was conducted when the outside temperature range
mean was 63.2 ± 0.65'F to 86.6 ± O.BB'F.
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TABLE III-2.

Contrasts for mean number of seedlings for

treatment (control, R. solani [RSNCl]-amended), endophyte

infestation level (0%, high) and interaction.

Study was

conducted when the outside temperature range mean was 63.2 ±
0.65*F to 86.6 ± 0.88'F .

Contrast
Control vs. R. solani

p* > f
0.0002

O vs. High

0.0004

Interaction

0.3080

P<0.05
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FIGURE III-3. Effect of endophyte infestation
level (0%, high) of Kentucky 31 seed lots on
seedling losses due to M. poae (ATCC 64131).
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TABLE III-3. Contrasts for mean number of seedlings for
treatment (control, M. poae [ATCC 64131]-amended), endophyte
infestation level (0%, high) and interaction.

Contrast

P

> F

Control vs. M. poae

0.0053

O vs. High

0.0077

Interaction

0.5412

P<0.05
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Pvthixim aphanidermatum.
(Fig. III-4):

NCSl, Preliminary results

There were no significant differences among

inoculum densities in the number of seedlings surviving.

NCSl (Fig. III-5, Table III-4):

In control soilless

medium a significantly higher number of seedlings survived
than did in Pvthium-amended soilless medium.

Endophyte

infestation level did not significantly influence the number
of seedlings surviving.

The interaction between treatment

and endophyte infestation level was significantly different.

DISCUSSION

These data suggest that the presence of A. coenophialum
in tall fescue seed influences resistance to some soilborne

plant pathogens.

The plants from the endophyte-infested

seed lot were more resistant to R. solani damping-off only

in Study I, but not in Studies II or III.

The range of

temperatures in Studies II and III were higher than in Study
I.

Resistance in Study I could be attributed to the fact

that tall fescue is a cool season grass.

In Studies II and

III the plants may have been stressed due to high

temperatures and thus more susceptible to R. solani.
particularly since R. solani is a warm weather pathogen.
Isolate RSNCl was used in Study III to determine if results

obtained in Study II were isolate specific.

No differential

resistance to RSNCl occurred in Study III (Table III-2).

Experiments need to be repeated in controlled environmental

27

350
300

250

O 200
a 150
UJ
111

^ 100
50

CONTROL

1:200

1:100

I

1:20

I

INOCULUM DILUTION

miHIGH

FIGURE III-4. Effects of endophyte infestation
level (0%, high) of Kentucky 31 seed lots and
inoculum dilution of P. aohanidermatum (NCSl) on
mean seedling number.
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FIGURE III-5. Effect of endophyte infestation
level (0%, high) of Kentucky 31 seed lots on
seedling losses due to P. aohanidermatum (NCSl)
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TABLE III-4. Contrasts for mean number of seedlings for
treatment (control, P. aphanidermatum [NCSl]-amended),
endophyte infestation level (0%, high) and interaction.

Contrast

P

>

F

Control vs. P. aphanidermatum

0.0024

0 vs. High

0.5502

Interaction

0.0001

P<0.05
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conditions similar to Study I to determine if resistance is
occurring.
Endophyte infestation level of KY 31 seed lots had no

influence on seedling disease caused by M. poae (Fig. III-3,
Table III-3).

Maanaporthe poae is more pathogenic on plants

under drought stress (Kackley et al. 1990), experiments
should be repeated under those conditions to determine if
endophyte infestation levels of seed lots would influence
seedling survival.

E+ tall fescue plants are known to be

more tolerant than E- tall fescue plants to drought stress

(Arachevaleta et al. 1989).

Since KY 31 can be successfully

inoculated and subsequently infected with A. coenophialum.

perhaps plants susceptible to M. poae can be inoculated with
the endophyte to induce resistance (Potter and Braman 1991).

Endophyte-mediated resistance P. aohanidermatum did
occur.

There was no difference in the mean number of

seedlings between the high endophyte (65% infestation level)
seed lot and the 0% endophyte-infested seed lot.

Pvthium

aphanidermatum (NCSl) was a highly virulent isolate,

therefore a preliminary experiment with inoculum dilutions
was necessary.

Although, endophyte infestation level of

seed lots did not significantly influence mean seedling

numbers in the preliminary experiment, a trend appeared in
the 1/100 dilution of P. aphanidermatum.

Therefore, the

1/100 dilution was chosen to continue experiments.

By
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increasing replications, we found that endophyte infestation
level did influence resistance to P. aohaniderinatum.

Soilborne problems, including pathogens and pests,
cause significant losses in the turfgrass industry.

By

planting A. coenophialum-infested seed some diseases may be
overcome.

Endophyte-infested KY 31 seed lots are more

resistant to R. zeae (Gwinn and Gavin 1992), R. solani under
some conditions and P. aohanidermatum.

Endophyte-infected

plants are also more resistant to some soilborne nematodes
(Kimmons et al. 1990, West et al. 1988) and soilborne
insects, such as Japanese beetle larvae (Oliver et al.
1990).

Therefore, lawn owners and turfgrass growers are

recommended to plant endophyte-infested tall fescue seed.
Although E+ tall fescue still causes animal toxicosis,
growers could plant endophyte-infested seed and overseed
with clover to dilute the amount of toxins ingested.

It may

also be possible for livestock owners, to increase the
seeding rate of endophyte-free seed to compensate for losses
to seedling pathogens.

Another solution to the animal feed

difficulties may be that the pest resistance factors are not

the animal toxicity factors.

Ergot alkaloids appear to be

the main cause of animal toxicity, whereas loline alkaloids
appear to be deterrents to feeding insects (Patterson et al.
1991, Potter and Braman 1991).

However, mechanisms of

resistance to plant pathogens are unknown.
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IV.

ASSAYS USED TO EVALUATE ENDOPHYTE-MEDIATED RESISTANCE

ABSTRACT

Tall fescue seed infected with the endophytic fungus,

Acremonium coenophialum are more resistant to seedling

diseases caused by Rhizoctonia zeae. Pvthium aphanidermatum
and R. solani under certain environmental conditions.

Currently resistance mechanisms are not understood.

The

objectives of this research were to develop a laboratory
assay to examine endophyte-mediated resistance to these

pathogens and to evaluate possible resistance mechanisms.
An assay, using soilless medium and Magenta™ boxes, was
developed.

This assay can be used to evaluate the

endophyte-mediated resistance found in greenhouse studies
with R. zeae.

Experiments to determine resistance

mechanisms have not been conclusive.

Exudates from

germinating endophyte-infected Kentucky 31 seed, sterilized
seed and scarified and sterilized seed do not influence the

growth of R. zeae in vitro.

Endophyte-infected and

endophyte-free Kentucky 31 seeds emerge from soilless medium
at the same rate in greenhouse studies.

Further research is

necessary to determine resistance mechanisms.

INTRODUCTION

Kentucky 31 (KY 31) tall fescue seed lots infected with
the endophytic fungus, Acremonium coenophialum. are more
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resistant to some soilborne pathogens, than endophyte-free
(E-) KY 31 seed lots.

Tall fescue pathogens that are

influenced by the presence of the endophyte in seed are
Rhizoctonia zeae (Gwinn and Gavin 1992), R. solani and
Pvthium aohanidermatum.

Mechanisms of this resistance are

not known.

Endophyte-infected (E+) tall fescue plants are more
resistant than E- plants to some soilborne insects and
nematodes.

Populations of Japanese beetle larvae were

reduced on E+ plants in greenhouse experiments (Oliver et
al. 1990).

Loline alkaloids, which have been isolated from

E+ tall fescue plants but not E- plants, were considered to
be deterrents to feeding larvae (Patterson et al. 1991).
Populations of two plant parasitic nematodes, Pratvlenchus
scribneri and Tylenchorhvnchus acutus, were smaller in E+
tall fescue plots, than in E- tall fescue plots (West et al.
1988).

In greenhouse experiments, populations of P.

scribneri and Meloidoovne marvlandi were lower on E+ plants
than on E- plants (Kimmons et al. 1990).
resistance mechanisms are not understood.

However,
E+ tall fescue

plants appeared to have a thicker endodermis than E- plants,
which may provide a physiological barrier (Bernard et al.
1990).

The objectives of this research were twofold.

The

first objective was to develop a laboratory assay to

determine if E+ seedlings are more resistant to Rhizoctonia
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species and the second objective was to evaluate resistance
mechanisms that may be occurring.

MATERIALS AND METHODS

Seed.

Tall fescue seed (cultivars KY 31 and Forager)

were obtained commercially and stored at 4*C.

Seed of

Phyter, a cultivar of tall fescue with a low endophyte

infestation level, were obtained from John R. Reynolds
(University of Tennessee).

Endophyte infestation levels of

seed lots were determined using protein A sandwich enzymelinked immunosorbent assay (PAS-ELISA)(Reddick and Collins
1988) and an in vitro assay (Gwinn et al. 1991).

A 0%

endophyte-infested seed lot was previously generated by
storing a high endophyte seed lot at room temperature (RT)

for one year (Gwinn and Gavin 1992).
Cultures.

Isolates of R. zeae (RZ112J) and R. solani

(RSNC3) were obtained from L.T. Lucas (North Carolina State
University).

Cultures were maintained on potato dextrose

agar (PDA) with periodic transfers.

Petri plate assay.

This seedling assay was conducted

in a manner similar to Christensen and Falloon (1988).

Approximately 5g of seed from 0% endophyte-infested seed
lot, 50% endophyte-infested seed lot and 65% endophyteinfested seed lot were scarified and sterilized according to

Gwinn et al. (1991).

Fifty ml of sterile, deionized.
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distilled water were added to each flask, and seed were
allowed to imbibe overnight at RT.
Seed (10 per plate) were aligned horizontally across 2%
water agar plates with cellophane membranes (Chet et al.
1981).

Plates were sealed with Parafilm® and placed

vertically in a growth chamber at 28 C with a 12 hour

photoperiod.

A R. solani (RSNC3) agar plug (0.5 cm-diam)

from 3 day-old PDA plate was placed at the bottom of each

Petri plate at either two days after seeds plated, five days
after seeds were plated or 10 days after seeds were plated.

No R. solani was added to control plates.

After 5 days,

seedlings were rated on a scale of 0 to V (0=healthy,
V=roots and stems all brown).

Ten plates for each seed lot

and time interval were tested and plates were completely
randomized.

Magenta™ box experiments.

Rhizoctonia zeae cultures

were generated in a manner similar to Martin and Lucas

(1984).

Forager seed and distilled water (10g/20ml) were

autoclaved in a 250 ml Erlenmeyer flask for 20 minutes at

120*C.

Three 0.5 cm-diam plugs of R. zeae were added.

Cultures were incubated for 14 days in the dark at RT.

The

control treatment was autoclaved Forager seed and water.

Approximately 30g of sterile soilless medium (Fafard,
Conrad Fafard, Inc. Springfield, MD 01101) was added to

sterile Magenta™ boxes (Magenta Corporation, Chicago, IL);
100 seeds of inoculum were added and mixed thoroughly with
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the soilless medium.

These were incubated at 28°C with a 12

hour photoperiod for 2 days.

One day after adding inoculum

to the medium, seed from a 65% endophyte-infested lot and a

0% endophyte-infested lot were scarified and sterilized in
the manner previously described (Gwinn et al. 1991).

The

seed was allowed to imbibe sterile, deionized water
overnight, then 20 seeds were placed into each box.

Boxes

were covered with lids made of commercial paper towels and

were watered as needed.

Emergence was recorded as seedlings

emerged from the soilless medium.

Two treatments were used

for each seed lot, control and R. zeae (RZ112J)-amended

medium.

The experiment was completely randomized and each

treatment was repeated 10 times.

The entire experiment was

repeated twice.

One replication of 65% endophyte-infested seedlings
were transplanted into peat pots (Jiffy-7, Jiffy Products

[N.B.] Ltd., Shippegan, Canada) in the greenhouse.

After

growing for eight weeks, plants were harvested and endophyte
status was determined using PAS-ELISA.

Pathogen growth inhibition.

Seed from Forager, a low

endophyte cultivar of tall fescue, and a 65% endophyteinfested KY 31 seed lot were scarified and sterilized in the

manner described previously (Gwinn et al. 1991).

Fifty

seeds were placed on the agar surface in piles on opposite
sides, 8.5 cm apart, of a 2% water agar Petri plate.
Treatments were 1) Forager on both sides, 2) 65% endophyte-
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infested seed on both sides, 3) Forager and 65% endophyteinfested seed on opposite sides and 4) no seeds.

After 2

days at 28*C, a plug of mycelium (0.5 cm-diam) from a 3 dayold PDA culture of R. zeae (RZ112J) was placed equidistant

from the seed piles.

Plates were incubated at 28'C for 5

days and radial growth of R. zeae was measured daily.
Seed powders.

Seed from Forager seed and 65%

endophyte-infested KY 31 seed lot were lyophilized and
ground into a powder with a Wiley mill (20 mesh screen).
Powders were stored in the dark at 4'C.

Agar was made with the powders after they were

sterilized in glass Petri dishes with propylene oxide
(Dhingra and Sinclair 1985).

Fifteen ml 1.5% water agar was

added to 1 g of sterile powders.

A plug (0.5 cm-diam) from

a 3 day-old R. zeae (RZ112J) culture was placed in the
middle of each plate and radial growth of R. zeae was
measured daily.

Exudate experiments.

Phyter and 65% endophyte-infested

seed (5g) were scarified with 60% sulfuric acid in 250 ml

Erlenmeyer flask, rinsed (Gwinn et al. 1991) and sterilized
with a 1% silver nitrate solution for 10 minutes, rinsed
with a 0.5% NaCl solution and rinsed three times with

sterile deionized water (Elliott 1991).

Fifty ml of sterile

deionized water were added to each flask and seed was

imbibed overnight in the dark at RT.

Flasks were then

placed on a rotary shaker (160 RPM) for 10 days at RT.
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Exudates were filtered through Whatman #1 paper
(Whatman International Ltd., Maidstone, England), glass
fiber filter paper (unless otherwise noted all filters were

purchased from Gelman Sciences, Inc., 600 South Wagner Road,
Ann Arbor, MI 48106), 0.8 fim membrane filter and 0.45 /xm
membrane filter.

Exudates were either filter-sterilized

through 0.45 /xm membrane filter or autoclaved at 120'C for
20 minutes.

Potato dextrose broth (0.12g) was added to each

flask and three 0.5 cm-diam plugs of R. zeae (RZ112J) from 3
day-old PDA cultures were added.

rotary shaker for 5 days.
weights were recorded.

Flasks were placed on a

Mycelium was harvested and dry

This experiment was performed in a

completely randomized design; treatments were autoclaved or
filter-sterilized exudates and seed lots with two endophyte

infestation levels were used.

Each treatment was replicated

five times and the entire experiment was repeated three
times.

Seed germination.

In a greenhouse experiment, seed

from a 65% endophyte-infested KY 31 seed lot were

individually planted in peat pots.

As seedlings emerged,

pots were labeled with the date of emergence.

After growing

for eight weeks, plants were harvested and tested with PASELISA to determine endophyte status.

using paired t-tests.

Data was analyzed
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RESULTS

Fetri plate assay.

Endophyte-infestation level of seed

lots and time of inoculation with R. zeae had no influence

on seedling ratings.

All seedlings had a rating of III or

IV.

Magenta™ box experiments.

Results obtained were

similar to those obtained with R. zeae in greenhouse studies

(Gwinn and Gavin 1992).

The 0% endophyte-infested seed lot

had a lower number of seedlings in R. zeae-amended medium
than in control medium, but the 65% endophyte-infested seed
lot did not lose a significant number of seedlings to R.
zeae.

Of seedlings from the 65% seed lot that were

transplanted into the greenhouse and tested with PAS-ELISA
to determine endophyte status, 61% of those that were placed

in control medium were E+.

Fifty percent of those placed in

R. zeae-amended medium were E+.

Endophyte-infected and E-

seedlings appear to survive the same.
Pathogen growth inhibition.

Endophyte infestation

level of seed lots placed in piles on agar did not influence
R. zeae radial growth.

The mean radial growth (cm) for the

treatments after 3 days were as follows, E+/E+ treatment was
3.19 ± 0.94,

E+/Forager treatment was 3.18 ± 0.90,

Forager/Forager treatment was 3.38 ± 1.00 and the control
treatment was 3.34 ± 0.94.
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Seed powders.

Endophyte infestation level of seed used

to make agar did not influence radial growth of R. zeae.
Radial growth of R. zeae was enhanced on seed powder-amended

agar compared to control agar.

The mean radial growths (cm)

for the treatments after 3 days were as follows, E+ seed was
3.55 ± 1.39, Forager seed was 3.33 ± 1.50 and the control
was 2.85 ± 1.15.

Exudate experiment. (Table IV-1);

Mycelial dry weights

of R. zeae were significantly higher in autoclaved exudates
than in filter-sterilized exudates.

Endophyte infestation

level of seed lot did not influence dry weights of mycelium.
Seed germination.

Endophyte-infestation of seedlings

did not influence the emergence rate of seedlings.

Equal

numbers of E+ and E- seedlings emerged on all dates.

DISCUSSION

A laboratory assay using Magenta™ boxes was developed

which may be used to evaluate the endophyte-mediated
resistance found in greenhouse tests with R. zeae (Gwinn and

Gavin 1992).

Endophyte-mediated resistance did not occur in

the Petri plate assay (Christensen and Falloon 1988).

In

the Petri plate assay, all seedlings, regardless of

endophyte-infestation level or time of inoculation with R.
zeae. had the same rating.

When experiments were conducted

in Magenta™ boxes with soilless medium, it was possible to
obtain results similar to greenhouse studies (Gwinn and
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TABLE IV-1. Mean mycelial dry weights of R. zeae grown in
exudates of germinating seedlings from seed lots with two
endophyte infestation levels (0%, 65%). Exudates were
either autoclaved or filter-sterilized.

Treatment
0% sterilized
0% autoclaved

Mean Drv Wt."

SE

43.84 a^
72.89
b

2.64
2.56

65% sterilized

38.42 a

2.56

65% autoclaved

66.73

* 10

b

g

^ Numbers followed by the same letter are not
significantly different at P^0.05.

2.56
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Gavin 1992).

This provides a quick and sterile laboratory

assay, which could be used to determine factors causing
endophyte-infested seed lots to be more resistant to some
soilborne pathogens than endophyte-free seed lots.

At the present time resistance mechanisms are not
understood.

The experiments reported here eliminate some

possibilities.

Seed of a 65% endophyte-infested seed lot

did not inhibit the growth of R. zeae in vitro.

The

incubation of the seeds on agar plates for two days before
adding the pathogen to allow time for water soluble toxic
substances to be released and to allow the system to

stabilize did not influence R. zeae growth.

Germinated seed

on these plates also had no affect on R. zeae.

The 65%

endophyte-infested seed lot used may not have had a high
enough endophyte-infestation level to affect R. zeae growth
in this type of assay.

Agar made from 65% endophyte-

infested seed that had not been scarified also had no

influence on R. zeae radial growth.

Seed prepared in this

manner before were toxic in an insect assay, where alkaloids

also reduced numbers of insects (Cole 1991).

Alkaloids are

known to be present in high concentrations in seeds.
However, no substances inhibitory to R. zeae appear to be

present in seed.

The seed powder in the agar may have added

a nutrient source which was not present on control plates,

which is why R. zeae growth was enhanced on seed powder
agar.
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Endophyte infestation level of seed lots did not

influence mean mycelial dry weight when R. zeae was grown in
seed exudates.

Autoclaved exudates produced a significantly

higher mean dry weight, than did filter-sterilized exudates.
Heat sensitive inhibitors were present in both E+ and Eseed lots since both autoclaved exudates had significantly

higher dry weights than filter-sterilized exudates.

If a

toxin had been present that was not heat sensitive then
autoclaving the exudates would have had no influence on
mycelial weights.

Growth of R. zeae on exudates produced

from E- and E+ seed lots was not significantly different
therefore there are no endophyte-induced compounds toxic to
R. zeae.

Ergot and loline alkaloids, which deter insects

and livestock, are both found in E+ seeds (Siegel et al.
1987, Patterson et al. 1991).
water soluble.

The loline alkaloids are

These toxins would have been able to pass

through the 0.45 /xm filter; therefore, if these toxins or
their byproducts were released into the seed exudate, they
had no influence on the growth of R. zeae.

Rhizoctonia solani and P. aphanidermatum cause pre-

emergence damping-off disease (Smiley 1984).

Often seed

with faster germination rates are planted to avoid these
diseases.

By planting seed with a fast germination rate the

window of vulnerability to pre-emergence damping-off is

decreased.

In experiments with freshly harvested seed, some

endophyte infested seed lots germinate more rapidly than
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their endophyte-free counterparts (Pinkerton et al. 1990).
One of the objectives of this research was to determine if

E+ seed within a commercial seed lot would germinate faster
than E- seed.

This may explain why endophyte infestation

level influences susceptibility to pre-emergence dampingoff.

However, results from a commercially obtained 65%

endophyte-infested seed lot show that E- and E+ seed emerge
from the soil at the same rate.

The 65% seed lot tested was

the same one used in previous greenhouse experiments.
Therefore, the period of vulnerability to pre-emergence
damping off appears to be the same for E- and E+ seed.

One of the major problems with investigating endophytemediated resistance of seedlings is the inability to

determine if seed contain viable endophyte.

The two ways

endophyte was detected in these experiments requires at

least eight weeks.

No nondestructive sampling technique

exists for A. coenoohialum detection in seeds.

In the experiments used in this research, E+ and Eseedlings have the same influence on growth of R. zeae.

If

alkaloids are being produced by seed, they do not influence
the growth of R. zeae.

Endophyte status of seed does not

influence emergence rate from soilless medium; therefore, E+
seed are not escaping disease by emerging faster than Eseed.

Something may be occurring in the rhizosphere in

greenhouse studies that will not occur in the laboratory
experiments.

The Magenta™ box assay described may be
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beneficial to study what is occurring in the rhizosphere
that causes E+ plants to be more resistant.

Endophyte-

infected plants appear to have a thicker endodermis than Eplants (Bernard et al. 1990), this may decrease the amount
of exudates being produced by the seedlings in the soilless
medium.

If this is the case, E- seedlings may attract

pathogens more than E+ seedlings.

There may also be in E+

seedlings a physiological barrier to infection by pathogens
that needs to examined histologically.

Further research is

necessary in order to determine resistance mechanisms.

This

will be essential in developing tall fescue plants infected
with the endophyte that are resistant to pathogens, but do
not cause animal toxicosis.
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V.

CONCLUSIONS

Endophyte-infested Kentucky 31 seed lots are more
resistant to seedling diseases caused by P. aohanidermatum
and R. solani under some environmental conditions.

Tall

fescue is a cool season grass, whereas R. solani generally
is more pathogenic in warm weather.
resistance occurred to M. poae.

No endophyte-mediated

Maanaporthe poae is a

predominant pathogen of Kentucky bluegrass and is more
pathogenic during drought conditions.

Experiments need to

be repeated with M. poae and R. solani under different

environmental conditions to determine if endophyte mediated

resistance will occur.

Endophyte-infected (E+) tall fescue

plants are known to be more tolerant to drought than
endophyte-free (E-) plants.

At the present time, resistance mechanisms are not
understood.

Within a 65% endophyte-infested seed lot, E+

and E- seed emerge from soilless medium at the same rate;
therefore they appear to be susceptible for the same time

period.

Filter-sterilized exudates from E+ and E- seedlings

significantly lowered the growth of R. zeae. compared to
autoclaved exudates of the same seed.

Compounds that affect

the growth of R. zeae are being degraded by heat.

However,

inhibitors appear to be present equally in E+ and E-

seedlings.

Alkaloids that are known to deter insect feeding

have been found in seed, and appear to have no effect on R.
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zeae.

Germinating seed and seed powders in agar also had no

influence on growth of R. zeae.

Toxins that have been found

in seed appear to have no effect on R. zeae growth.

The

mechanism of resistance may be a physiological barrier or
perhaps E+ plants are overall more hardy.
A laboratory assay has been developed that can be used

to evaluate the endophyte-mediated resistance observed in
greenhouse experiments with R. zeae.

This assay may

facilitate the study of resistance mechanisms in the future.

High inoculum densities of soilborne pathogens may
cause significant problems in establishing pastures and turf
when E- seed is used.

Development of tall fescue infected

with an endophyte which has resistance to pests and
pathogens, but produces no substances toxic to livestock
would be beneficial.
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